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DESCRIPTION 

Voltage Converting Device, Computer Readable Recording Medium with 
Program Recorded Thereon for Causing Computer to Execute Failure 
5 Processing, and Failure Processing Method 

Technical Field 

The present invention relates to a voltage converting device capable 
of processing a failure in a voltage converter converting a DC voltage from 
10 a DC power supply to an output voltage, a computer readable recording 

medium with a program recorded tiiereon for causing a computer to execute 
failure processing, and a failure processing method. 

B ackgr ound Art 

15 Recentiy, hybrid vehicles and electric vehicles have attracted great 

attention as environment-friendly vehicles. Some hybrid vehicles are now 

commercially available. 

The hybrid vehicle includes, as a power source, a DC power supply, 

an inverter and a motor driven by the inverter, in addition to the 
20 conventional engine. SpedfLcally, the engine is driven to generate power 

while DC voltage &om the DC power supply is converted into AC voltage by 

the inverter to rotate the motor by the AC voltage and accordingly generate 

power. The electric vehicle includes,, as a power soxirce, a DC power 

supply, an inverter and a motor driven by the inverter. 
25 Some hybrid or electric vehicles are designed to boost DC voltage 

firom the DC power supply by an up-converter and to supply the boosted DC 

voltage to the inverter driving the motor. 

Japanese Patent Laying-Open No, 2-308935 discloses an electric 

device 300 shown in Fig. 13. This electric device 300 is mounted on a 
30 hybrid vehicle. Referring to Fig. 13, electric device 300 includes a DC 

power supply 310, a bypass line 311, a relay 312, a boost chopper 320, a 

capacitor 326, an inverter 330, an electric device body 350, and a field 

magnet controller 360. 
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Bypass line 311 and relay 3 12 are connected in series between a 

power supply line aiid the positive electrode of DC power supply 310. 

Boost chopper 320 includes a reactor 321, MOS transistors 322, 323, 

and diodes 324, 325. Reactor 321 has one end connected to the power 
5 supply line of DC power supply 3 10 and the other end connected to the 

intermediate point between MOS transistor 322 and MOS transistor 323. 

MOS transistors 322 and 323 are connected in series between the power 

supply line and a ground line. MOS transistor 322 has its drain connected 

to the power supply line. MOS transistor 323 has its source connected to 
10 the ground line. Diodes 324, 325 are each connected between the source 

and drain of the corresponding one of MOS transistors 322, 323 for 

allowing current to flow from the source side to the drain side. 

Inverter 330 is constituted of a U-phase arm 343, a V-phase arm 344 

and a W-phase arm 345. U-phase arm 343, V-phase arm 344 and W-phase 
15 arm 345 are connected in parallel between the power supply line and the 

ground line. 

U-phase arm 343 is formed of MOS transistors 331 and 332 
connected in series. V-phase arm 344 is formed of MOS transistors 333 
and 334 connected in series. W-phase arm 345 is formed of MOS 
20 transistors 335 and 336 connected in series. Diodes 337-342 are each 

connected between the source and drain of the corresponding one of MOS 
transistors 331-336 for allowing current to flow from the source side to the 
drain side. 

Electric device body 350 includes three phase coils and serves as a 
25 power generator and a motor for an engine. The U, V, W phase arms of 
inverter 330 have their respective intermediate points connected to the 
respective ends of the U, V, W phase coils of electric device body 350. The 
other end of the U-phase coil is connected to the intermediate point 
between MOS transistors 331 and 332. The other end of the V-phase coil 
30 is connected to the intermediate point between MOS transistors 333 and 
334. The other end of the W-phase coil is connected to the intermediate 
point between MOS transistors 335 and 336. 

Field magnet controller 360 includes a diode 361, an NPN transistor 
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362 and a base amplifier 363. Diode 36 1 is connected between tbe positive 
terminal F+ of. the field coil of electric device body 350 and the collector of 
NPN transistor 362. NPN transistor 362 is connected between the 
negative terminal F- of the field coil and the grovind line for receiving at its 
base a voltage from base amplifier 363. Base amplifier 363 is responsive 
to a control signal from a control device (not shown) to output a prescribed 
voltage to the base of NPN transistor 362 for turning on/off NPN transistor 
362. 

DC power supply 3 10 outputs a DC voltage. When relay 3 12 is 
turned on by the control signal fi:om the control device (not shown), bypass 
fine 311 supphes the voltage on both ends of capacitor 326 to DC power 
supply 310. Boost chopper 320 has its MOS transistors 322, 323 turned 
on/off by the control device (not shown) and boosts the DC voltage supplied 
fi^om DC power supply 310 to provide an output voltage to inverter 330. 
Boost chopper 320 also down-converts the DC voltage generated by electric 
device body 350 and converted by inverter 330 to charge DC power supply 
310, at the time of regenerative braking of the hybrid vehicle induding 
electric device 300. 

Capacitor 326 smoothes the DC voltage supplied from boost chopper 
320 and suppHes the smoothed DC voltage to inverter 330. 

Inverter 330 receives the DC voltage from capacitor 326 to convert 
the DC voltage to an AC voltage based on tiie conteol firom the control 
device (not shown) and drives electric device body 350 as a driving motor. 
Field magnet controller 360 allows current to flow in the fidd coil in 
accordance with the time period during which NPN transistor 362 is turned 
on. Electric device body 350 is therefore driven as a driving motor to 
generate torque specified by a torque command value. In regenerative 
braking of the hybrid vehicle including electric device 300, inverter 330 also 
converts an AC voltage generated by electric device body 350 to a DC 
voltage based on the control from the control device and supplies the 
converted DC voltage to boost chopper 320 through capacitor 326. 

In electric device 300, a failure in boost chopper 320 is detected by 
detecting that the output voltage of boost chopper 320 becomes lower than a 
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reference value. When. the failure in boost chopper 320 is detected, relay 
312 is turned on by the control signal from the control device, and bypajss 
Hne 311 directly suppHes the voltage on both ends of capacitor 326 to DC 
' power supply 310. 

In electric device 300 disclosed in Japanese Patent Laying-Open No. 
2-308935, however, when boost chopper 320 fails, the voltage on both. ends 
of capacitor 326 is supplied to DC power supply 310 without beiag down- 
converted. Therefore, if a large amount of power is generated by electric 
device body 350, a high voltage will be appHed to both ends of capacitor 326, 
resxilting in that the withstand voltage performance of capacitor 326 must 
be improved, thereby increasing costs. 

Disclosure of the Invention 

An object of the present invention is therefore to provide a voltage 
converting device capable of processing a failure in an up -converter without 
improving withstand voltage performance of a capacitor placed at an input 
of an inverter. 

Another object of the present invention is to provide a failure 
processing method capable of processing a failvire in an up -converter 
without improving withstand voltage performance of a capacitor placed at 
an input of an inverter. 

A further object of the present invention is to provide a computer 
readable recording medium with a program recorded thereon for causing a 
computer to execute failure processing for an up -converter, without 
improving withstand voltage performance of a capacitor placed at ^n input 

^ • * 

of an inverter. 

A voltage converting device in accordance with the present invention 
includes an electric load, a capacitor, a down-converter, and control means. 
The electric load has an electric power generating function. The capacitor 
is connected to an input of the electric load. The down-converter down- 
converts a voltage of the capacitor. The control means controls the electric 
load such that electric power generation in the electric load is prohibited or 
an amovmt of electric power generated by the electric load is decreased. 
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when the down-converter fails. 

Preferably; thei down-converter has a voltage-up -converting function. 

Preferably, the electric load is a motor having £in electric power 
generating function. The control means restricts a regenerative electric 
5 power generating function of the motor, when the down-converter fails. 

Preferably, the control means prohibits regenerative electric power 
generation of the motor. 

Preferably, the voltage converting device further includes another 
electric load. Another electric load is different firom the motor. The 
10 control means restricts an amount of regenerative electric power generated 
by the motor to a value smaller than power consumption in another electric 
load. 

A voltage converting device in accordance with the present invention 
includes first and second electric loads, a capacitor, a down-converter, and 

15 control means. The first electric load has an electric power generating 
function. The capacitor is connected to an input of the first electric load. 
The down-converter down-converts a voltage of the capacitor. The second 
electric load is different firom the first electric load. The contirol means 
controls the second electric load such that an amount of power consumption 

20 in the second electric load is increased, when the down-converter fails. 

Preferably, the second electric load is a motor. The control means 
controls the motor such that it outputs positive torque. 

In accordance with the present invention, a computer readable 
recording medium with a program recorded thereon for causing a computer 

25 to execute failure jprocessing in a voltage converting device is provided. 
The voltage converting device includes an electric load having an electric 
power generating function, a capacitor connected to an input of the electric 
load, and a down-converter down-converting a voltage of the capacitor. 
The program causes the computer to execute a first step of detecting a 

30 failure in the down-converter, and a second step of controlling the electric 
load such that electric power generation in the electric load is prohibited or 
an amount of electric power generated by the electric load is decreased, 
when the failure in the down-converter is detected at the first step. 
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Preferably, the electric load is a motor having an electric power 
generating function. In the second step of the program, a regenerative 
electric power generating function of the motor is restricted, 

Preferably, in the second step of the program, regenerative electric 
5 power generation of the motor is prohibited. 

Preferably, the voltage converting device further includes another 
electric load different from the electric load. In the second step of the 
program, an amount of regenerative electric power generated by the motor 
is restricted to a value smaller than power consumption in another electric 
10 load. 

In accordance with the present invention, a computer readable 
recording medivun with a program recorded thereon for causing a computer 
to execute failvire processing in a voltage converting device is provided. 
The voltage converting device includes a first electric load having an 

15 electric power generating function, a capacitor connected to an input of the 
electric load, a second electric load different from the first electric load, and 
a down-converter down-converting a voltage of the capacitor. The program 
causes the computer to execute a first step of detecting a failure in the 
down-converter and a second step of increasing an amount of power 

20 consumption in the second electric load, when the failure in the down- 
converter is detected at the first step. 

Preferably, the second electric load is a motor. In the second step of 
the program, the motor is controlled such that it outputs positive torque, 
when the failure in the down-converter is detected at the first step. 

25 in accordance with the present invention, a failure procesising 

method in a voltage converting device including an electric load having an 
electric power generating function, a capacitor connected to an input of the 
electric load, and a down-converter down-converting a voltage of the 
capacitor includes- a first step of detecting a failtire in the down-converter; 

30 and a second step of controlling the electric load such that electric power 
generation in the electric load is prohibited or an amount of electric power 
generated by the electric load is decreased, when the failtire in the down- 
converter is detected at the first step. 
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Preferably, the electric load is a motor haying an electric power 
generating function. In the second step, a regenerative electric power 
generating function of the motor is restricted. 

Preferably, in the second step, regenerative electric power generation 
of the motor is prohibited. 

Preferably, the voltage converting device further includes another 
electric load different from the electric load. In the second step of the 
failure processing method, an amoxmt of regenerative electric power 
generated by the motor is restricted to a value smaller than power 
consumption in another electric load. 

In accordance with the present invention, a failure processing 
method in a voltage converting device including a first electric load having 
an electric power generating function, a capacitor connected to an input of 
the electric load, a second electric load different from the first electric load, 
and a down-converter down-converting a voltage of the capacitor includes: a 
first step of detecting a failxire in the down-converter; and a second step of 
increasing an amoimt of power consumption in the second electric load, 
when the failure in the down- converter is detected at the first step. 

Preferably, the second electric load is a motor. In the second step of 
the failxire processing method, the motor is controlled such that it outputs 
positive torque, when the failure in the down-converter is detected at the 
first step. 

In the present invention, when an up -converter fails, electric power 
generation in an electric load connected to an output of the up -converter is 
prohibited or a power generation amount in the electric load is restricted. 
Furthermore, when the up -converter fails, a power generation amount in 
one of two electric loads is controlled to be equal to or less than energy 
consumption in the other electric load. 

Therefore, in accordance with the present invention, even if the up- 
converter fails, it is possible to prevent a voltage equal to or higher than a 
withstand voltage from being applied to a capacitor connected to an input of 
an electric load (including first and second electric loads). 

The foregoing and other objects, features, aspects and advantages of 
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the present invention will become more apparent from the foUowinff 
detailed description of the present invention when taken in cohjunction 
witli the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a voltage converting device in 
accordance with a first embodiment. 

Fig. 2 is a functional block diagram of a control device shown in Fig 

1. 

Fig. 3 is a functional block diagram illustrating a function of motor 
torque control means shown in Fig. 2. 

Fig. 4 is a flowchart illustrating an operation of processing a failure 
in an up -converter in the first embodiment. 

Fig. 5 is a schematic block diagram of a voltage converting device in 
accordance with a second embodiment. 

Fig. 6 is a functional block diagram of a control device shown in Fig 

5. 

Fig. 7 is a functional block diagram illustrating a function of motor 
torque control means shown in Fig. 6. 

Fig. 8 is a flowchart illustrating an operation of processing a failure 
in an up -converter in the second embodiment. 

Fig. 9 is a schematic block diagram of a voltage converting device in 
accordance with a third embodiment. 

Fig. 10 is a functional block diagram of a control device shown in Fig. 

9 

Fig. 11 is a functional block diagram illustrating a function of motor 
torque control means shown in Pig. 10. 

Fig. 12 is a flowchart illoistrating an operation of processing a failure 
in an up -converter in the third embodiment. 

Fig. 13 is a schematic block diagram of a conventional electric device. 

Best Modes for Carrsdng Out the Invention 

Embodiments of the present invention will be described in detail 



-8 



wo 2004/064235 PCT/JP2003/014949 



with reference to the drawings. It is noted that in the fLeures the same or 
corresponding parts will be denoted with the same reference characters and . 
description thereof will not be repeated. 
[First Embodiment] 

5 Referring to Fig. 1, a voltage converting device 100 in accordance 

with a first embodiment of the present invention includes a DC power 
supply B, voltage sensors 10, 13, system relays SRI, SR2, capacitors CI, C2, 
an up-converter 12, an inverter 14, a current sensor 24, a control device 30, 
and an AC motor Ml, AC motor Ml is a drive motor for generating torque 

10 for driving a driving wheel of a hybrid or electric vehicle. Alternatively, 
the motor may serve as a power generator driven by the engine and as an 
electric motor for the engine. For example, it may be incorporated in a 
hybrid vehicle to start the engine, 

Up-converter 12 includes a reactor Ll, NPN transistors Ql, Q2, and 

15 diodes D 1, D2. Reactor Ll has one end connected to a power supply line of 
DC power supply B and the other end connected to the intermediate point 
between NPN transistors Ql and Q2, that is, between the emitter of NPN 
transistor Ql and the collector of NPN transistor Q2, NPN transistors Ql 
and Q2 are connected in series between the power supply line and a ground 

20 Une. The collector of NPN transistor Ql is connected to the power supply 
line, and the emitter of NPN transistor Q2 is connected to the groimd Une. 
Diodes Dl, D2 are each arranged between the collector and emitter of the 
corresponding one of NPN transistors Ql, Q2 for allowing current to flow 
the emitter side to the collector side. 

25 Inverter 14 is constituted of a U-phase arm 15, a V-phase arm 16 and 

a W-phase arm 17. U-phase arm 15, V-phase arm 16 and W-phase arm 17 
are connected in parallel between the power supply line and the ground 
line. 

U-phase arm 15 is formed of NPN transistors Q3 and Q4 connected 
30 in series. V-phase arm 16 is formed of NPN transistors Q5 and Q6 

connected in series. W-phase arm 17 is formed of NPN transistors Q7 and 
Q8 connected in series. Diodes D3-D8 are each connected between the 
collector and emitter of the corresponding one of NPN transistors Q3-Q8 for 
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aUowing current to flow from the emitter side to the coUector side. 

The U, V, W phase arms have their respective intermediate points 
connected to the respective ends of the tJ, V. W phase coils of AC motor Ml. 
SpedfLcaUy, AC motor Ml is a three-phase permanent magnet motor with 
respective three coils of U. V and W phases each having one end connected 
commonly to the center. The other end of the U-phase coil is connected to 
the intermediate point between NPN transistors Q3 and Q4. the other end 
of the V-phase coil is connected to the intermediate point between NPN 
transistors Q5 and Q6. and the other end of the W-phase coil is connected 
to the intermediate poiat between NPN transistors Q7 and Q8. 

DC power supply B is formed of a nidcel-hydrogen or Hthium-ion 
secondary battery. Voltage sensor 10 detects a DC voltage Vb from DC 
power supply B to output the detected DC voltage Vb to control device 30. 
System relays SRl. SR2 are turned on/off by a signal SE from control 
device 30. More spedficaUy, system relays SRI, SR2 are turned on by 
signal SE of H (logical high) level from control device 30 and turned off by 
signal SE of L Gogical low) level from control device 30. 

Capacitor Cl smoothes DC voltage Vb supplied from DC power 
supply B to provide the smoothed DC voltage to up -converter 12. 

Up -converter 12 boosts the DC voltage from capacitor Cl to supply 
the boosted voltage to inverter 14. More specifically, up-converter 12 
receives a signal PWMU from control device 30 to boost the DC voltage and 
supply the boosted DC voltage to inverter 14 in accordance with a period in 
which NPN transistor Q2 is turned on by signal PWMU. In this case, 
NPN transistor Q 1 is kept off by signal PWMU. Further, up -converter 12 
receives a signal PWMD from control device 30 to down-convert the DC 
voltage supplied from inverter 14 via capacitor C2 and accordingly charge 
DC power supply B. 

Capacitor C2 smoothes the DC voltage from up-converter 12 to 
supply the smoothed DC voltage to inverter 14. Voltage sensor 13 detects 
the voltage on both ends of capacitor C2, i.e., an output voltage Vm of up- 
converter 12 (whidi corresponds to an input voltage to inverter 14) and 
outputs the detected output voltage Vm to control device 30, 
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Inverter 14 receives the DC voltage from capacitor C2 to convert, 
based on a signal PWMII from control device 30, the DC voltage into an AC 
voltage and accordingly drive AC motor Ml to generate positive torque. 
Inverter 14 also converts, based on a signal PWMI2 from control device 30, 
5 the DC voltage to an AC voltage and drives AC motor Ml to output zero 

torque. Then, AC motor Ml is driven to generate zero or positive torque as 
designated by a torque command value TR. 

In regenerative braking of a hybrid or electric vehicle including 
voltage converting device 100, inverter 14 converts an AC voltage generated 

10 by AC motor Ml into a DC voltage according to a signal PWMI3 from 

control device 30 and supplies the converted DC voltage to up -converter 12 
via capacitor C2, Here, "regenerative braking" includes braking which is 
caused when a driver of a hybrid or electric vehicle manages the foot brake 
and which is accompanied by regenerative power generation as well as 

15 deceleration (or stopping of acceleration) of the vehicle by releasing the 
accelerator (pedal) in driving without managing the foot brake, which is 
also accompanied by regenerative power generation. 

Current sensor 24 detects a motor current MCRT flowing to AC 
motor Ml to oulput the detected motor cxurent MCRT to control device 30. 

20 Control device 30 generates, based on torque command value TR and 

motor rotation number MRN suppHed from an externally placed ECU 
(electrical control unit), DC voltage Vb from voltage sensor 10, output 
voltage Vm from voltage sensor 13, and motor current MCRT from cxirrent 
sensor 24, signal PWMU for driving up -converter 12 and signals PWMIl 

25 and PWMI2 for driving inverter 14, following a method as described 

hereiabelow, and provides the generated signals PWMU and PWMIl, 2 to 
up -converter 12 and inverter 14 respectively. 

Signal PWMU is a signal for driving up -converter 12 when up- 
converter 12 converts the DC voltage from capacitor Cl to output voltage 

30 Vm. When up-converter 12 converts the DC voltage to output voltage Vm, 
control device 30 controls the feedback of output voltage Vm and generates 
signal PWMU for driving up-converter 12 so that output voltage Vm 
becomes a voltage command Vdc_com as instructed. A method of 
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generating signal PWMU will be described later. 

Control device 30 receives from the external ECU a signal RGE 
indicating that the hybrid or electric vehicle enters a regenerative braking 
mode, to generate signal PWMI3 for converting the AC voltage generated 
by AC motor Ml into a DC voltage and output the signal to inverter 14. In 
this case, switching of NPN transistors Q3-Q8 of inverter 14 is controlled 
by signal PWMI3. In this way, inverter 14 converts the AC voltage 
generated by motor Ml into the DC voltage to supply the DC voltage to up- 
converter 12. 

Furthermore, control device 30 receives from the external ECU 
signal RGE indicating that the hybrid or electric vehicle enters the 
regenerative braking mode, to generate signal PWMD for down-converting 
the DC voltage from inverter 14 and output the generated signal PWMD to 
up-converter 12. In this way, the AC voltage generated by AC motor Ml is 
converted into DC voltage, which is down-converted to be supplied to DC 
power supply B. 

Moreover, control device 30 determines whether or not up-converter 
12 fails, based on a duly ratio in controlling the switching of NPN 
transistors Ql, Q2, DC voltage Vb from voltage sensor 10 and voltage Vm 
from voltage sensor 13. When it is determined that up-converter 12 fails, 
control device 30 receives signal RGE from external ECU to control inverter 
14 such that regenerative electric power generation in AC motor Ml is 
prohibited. More specifically, when up-converter 12 fails, control device 30 
generates and outputs to inverter 14 signal PWMIl for driving AC motor 
Ml to output positive torque or signal PWMI2 for driving AC motor Ml to 
output zero torque in tile regenerative braking mode. 

Moreover, control device 30 generates signal SE for turning on/off 
system relays SRl, SR2 and suppHes signal SE to system relays SRI, SR2. 

Fig. 2 is a functional block diagram of contacol device 30. Referring 
to Fig. 2, control device 30 includes motor torque control means 301 and 
voltage conversion control means 302. Motor torque control means 301 
generates, based on torque command value TR, oulput voltage Vb of DC 
power supply B, motor current MCRT, motor rotation number MRN, and 
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output voltage Vm of up -converter 12, signal PWMU for tximing on/off NPN 
transistors Ql, Q2 of up -converter 12 and signal PWMIl for turning on/off 
NPN transistors Q3-Q8 of inverter 14, following a method described 
hereinafter, and outputs the generated signals PWMU and PWMIl to up- 
converter 12 and inverter 14, respectively, when AC motor Ml is driven to 
output positive torque. 

Motor torque control means 301 determines whether or not up- ■ 
converter 12 fails based on a duty ratio in controUing the switching of NPN 
transistors Ql, Q2 and voltages Vb, Vm. When it is determined that up- 
converter 12 fails, motor torque control means 301 generates a signal EMG 
in response to signal RGE firom external ECU to oulput signal EMG to 
voltage conversion control means 302, and also generates signal PWMIl for 
driving AC motor Ml to output positive torque or signal PWMI2 for driving 
the AC motor to output zero torque, to output signal PWMIl or PWMI2 to 
inverter 14. 

In regenerative braking, voltage conversion control means 302 
receives from external ECU signal RGE indicating that the hybrid or 
electric vehicle enters the regenerative braking mode, to generate signal 
PWMI3 for converting the AC voltage generated by AC motor Ml to a DC 
voltage and output signal PWMI3 to inverter 14. 

In regenerative braking, voltage conversion control means 302 also 
receives signal RGE from external ECU to generate signal PWMD for 
down-converting the DC voltage supplied from inverter 14 and output 
signal PWMD to up-converter 12. In this way, up-converter 12 serves as a 
bidirectional converter as it can also down-convert the voltage by signal 
PWMD for down-converting a DC voltage. 

Furthermore, voltage conversion control means 302 receives signal 
EMG from motor torque control means 301 to stop generation of signals 
PWMI3 and PWMD, 

Fig. 3 is a :^mctional block diagram of motor torque control means 
301. Referring to Fig. 3, motor torque control means 301 includes a phase 
voltage calciilating unit 40 for controlling the motor, a PWM signal 
converting unit 42 for the inverter, an inverter input voltage command 
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calculating unit 50, a duty ratio calculating unit 52 for the converter, a 

PWM signal converting unit 54 for the converter, and a determination unit 
56. 

Phase voltage calculating unit 40 receives feom voltage sensor 13 
output voltage Vm of up -converter 12, that is, the input voltage to inverter 
14, receives from current sensor 24 motor cxirrent MCRT flowing to each 
phase of AC motor Ml, receives torque command value TR from the 
external ECU, and receives signals PTE 1, 2 from determination unit 56. 
When receiving signal DTEl from determination unit 56, phase voltage 
calculating unit 40 calculates, based on torque command value TR, output 
voltage Vm and motor current MCRT, a voltage to be appHed to the coil of 
each phase of AC motor Ml and supplies the calculated voltage to PWM 
signal converting unit 42 . 

Phase voltage calculating unit 40 receives signal DTE2 from 
determination unit 56 to calculate a voltage to be apphed to the coil of each 
phase of AC motor Ml for allowing AC motor Ml to output zero or positive 
torque, and then supply the calculated voltage to PWM signal converting 
unit 42. 

PWM signal converting unit 42 generates, based on the calculated 
voltage supphed from phase voltage calculating unit 40, signals PWMIl, 
PWMI2 for actually t\iming on/off each of NPN transistors Q3-Q8 of 
inverter 14 and supplies the generated signals PWMIl, PW1MI2 to each of 
NPN tiransistors Q3-Q8 of inverter 14. 

Switching of NPN transistors Q3-Q8 each is thus controlled and 
NPN transistors Q3-Q8 accordingly control the current to be supplied to 
each phase of AC motor Ml so that AC motor Ml generates zero or positive 
torque. In this way, the motor drive current is controlled so that the motor 
torque is output according to torque command value TR. 

On the other hand, inverter input voltage command calculating vmit 
50 calculates an optimum value (target value) of an inverter input voltage, 
that is, voltage command Vdc_com, based on torque command value TR and 
motor rotation number MRN, and provides the calculated voltage command 
Vdc_com to duty ratio calculating unit 52. 
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Duty ratio calcxdating unit 52 calculates, based on DC voltage Vb 
output from voltage sensor 10 (also referred to. as "battery voltage Vb"). a 
duty ratio for setting voltage Vm from voltage sensor 13 at the optimum 
value supplied from inverter input voltage command calculating tmit 50. 
5 Duty ratio calculating unit 52 outputs the calculated duty ratio to PWM 
signal converting unit 54 and determination unit 56. 

PWM signal converting unit 54 generates, based on the duty ratio 
supplied from duty ratio calculating unit 52, signal PWMU for turning 
on/off NPN transistors Ql, Q2 of up -converter 12 and provides the 

10 generated signal PWMU to up -converter 12. 

A greater amount of electric power is accumulated by reactor LI by 
increasing on-duty of NPN transistor Q2 which is the lower transistor of 
up-converter 12, and accordingly a higher-voltage output is obtained. The 
voltage on the power supply line is decreased by increasing the on-duty of 

15 the upper transistor, i.e., NPN transistor Q 1. The duty ratio of NPN 

transistors Q 1 and Q2 can thus be controlled to control the voltage on the 
power supply line such that the voltage on the power supply line is an 
arbitrary voltage of at least the output voltage of DC power supply B. 
Determination unit 56 receives battery voltage Vb from voltage 

20 sensor 10, voltage Vm from voltage sensor 13, duty ratio DR from duty ratio 
calculating unit 52, and signal RGE from external ECU. Determination 
unit 56 multiplies battery voltage Vb by duty ratio DR and determines 
whether or not a product AP resulting from the multiplication matches 
voltage Vm from voltage sensor 13. If the product AP matches voltage Vm, 

25 determination unit 56 determines tha:t up -converter 12 operates normally, 
and generates and outputs signal DTEl to phase voltage calculating xinit 
40 . If product AP does not match voltage Vm, determination unit 56 
determines that up-converter 12 fails, and receives signal RGE from 
external ECU to generate and outi)ut signals EMG and DTE2 to voltage 

30 conversion control means 302 and phase voltage calculating unit 40, 
respectively. 

Fig. 4 is a flowchart illustrating an operation of processing a failxxre 
in up-converter 12 in the first embodiment. Referring to Fig. 4, upon the 
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Start of a series of operations, determination wait 56 detects a failure in up- 
converter 12, foUowing the aforementioned metdiod, based on battery . 
voltage Vb 6om voltage sensor 10. voltage Vm from voltage sensor 13 and 
duty ratio DR from duty ratio calcvdating unit 52 (step SlO). When 
detecting a failxxre in up -converter 12 and receiving signal RGE from 
external ECU, determination unit 56 generates and outputs signals EMG 
and DTE2 to voltage conversion control means 302 and motor torque 
control means 301, respectively. 

In response, voltage conyersion control means 302 stops generation 
of signals PWMI3 and PWMD. In response to signal DTE2 from 
determination unit 56, phase voltage calculating unit 40 calculates a 
voltage to be appHed to the coil of each phase in generating signal PWMIl 
for driving AC motor Ml to output positive torque or signal PWMI2 for 
driving AC motor Ml to output zero torque, and outputs the calcxdated 
voltage to PWM signal converting unit 42. 

PWM signal converting unit 42 generates signal PWMIl or PWMI2 
based on the calcxilated voltage from phase voltage calcxilating unit 40 to 
output PWMIl or PWMI2 to inverter 14. Inverter 14 drives AC motor Ml 
to output zero or positive torque in response to signal PWMIl or PWMI2 
from PWM signal converting unit 42, and regenerative electric power 
generation is prohibited (step S20). A series of operations then ends. 

Therefore, even if control device 30 receives from external ECU 
signal RGE indicating regenerative power generation, in the event of a 
failure in up-converter 12, regenerative electric power generation in AC 
motor Ml is prohibited, thereby preventing DC voltage equal to or higher 
than the withstand voltage from being applied to capacitor C2. 

Inverter 14 may be stopped to prohibit regenerative electric power 
generation in AC motor Ml in tJie event of a failure in up-converter 12. In 
the present embodiment, however, regenerative electric power generation is 
prohibited with AC motor Ml being kept driven so as to output the 
instructed torque immediately when external ECU torque supplies 
command value TR for outputting positive torque. 

Retiuming to Fig. 1, the operation in voltage converting device 100 
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wiU be described. Control device 30 receives torque command value TR 
from external ECU to generate and output signal SE at H level to system 
relays SRI, SR2 for turning on system relays SRl, SR2. Control device 30 
also generates signals PWMU and PWMIl for controlling up -converter 12 
and inverter 14 such that AC motor Ml generates torque command value 
TR and output signals PWMU and PWMIl to up -converter 12 and inverter 
14, respectively. 

DC power supply B outputs DC voltage Vb, and system relays SRI, 
SR2 supply DC voltage Vb to capacitor Cl. Capacitor Cl smoothes the 
received DC voltage Vb and supplies the smoothed DC voltage to up- 
converter 12. 

Then, NPN transistors Ql, Q2 of up -converter 12 are turned on/off in 
response to signal PWMU from control device 30 and convert DC voltage Vb 
to output voltage Vm to be suppUed to inverter 14. Voltage sensor 13 
detects output voltage Vm that is a voltage on both ends of capacitor C2 
and outputs the detected output voltage Vm to control device 30. 
Capacitor C2 smoothes output voltage Vm of up -converter 12 and supplies 
the smoothed output voltage Vm to inverter 14. 

NPN transistors Q3-Q8 of inverter 14 are turned on/off in response 
to signal PWMIl from control device 30. Inverter 14 converts the DC 
voltage to an AC voltage and allows prescribed AC current to flow to each of 
U, V and W phases of AC motor Ml so that AC motor Ml generates torque 
as designated by torque command value TR. In this way, AC motor Ml 
generates torque as designated by torque command value TR. 

* 

When the. hybrid or electric vehicle including voltage converting 
device 100 enters the regenerative braking mode, control device 30 receives 
from external ECU signal RGE indicating the regenerative braking mode, 
to generate and output signals PWMI3 and PWMD to inverter 14 and up- 
converter 12, respectively. 

AC motor Ml generates an AC voltage and supplies the generated 
AC voltage to inverter 14. Inverter 14 then converts the AC voltage to a 
DC voltage in accordance with signal PWMI3 from control device 30 and 
supplies the converted DC voltage to up-converter 12 via capacitor C2. 
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Up -converter 12 down-converts the DC voltage in accordance with 
signal PWMD from control device 30 and supplies the down -converted DC 
voltage to DC power supply B to charge DC power supply B. 

Then, control device 30 determines, following the aforementioned 
method, whether or not up-converter 12 fails, based on DC voltage Vb, 
voltage Vm and duty ratio DR for controlling the switching of NPN 
transistors Ql, Q2. If up -converter 12 fails, control device 30 controls 
inverter 14 such that regenerative electric power generation in AC motor 
Ml in the regenerative braking mode is prohibited. 

In this manner, in voltage converting device 100, regenerative 
electric power generation in AC motor Ml in the regenerative braking mode 
is prohibited when up -converter 12 fails. This can prevent application of a 
voltage equal to or higher than the withstand voltage to capacitor C2. 

The faQxire processing method in accordance with the present 
invention includes detecting a failure in up -converter 12 and prohibiting 
regenerative electric power generation according to the flowchart shown in 
Fig. 4. 

The failure processing in motor torque control means 301 is actually 
controlled by a CPU (Central Processing Unit). CPU reads a program 
including the steps of the flowchart shown in Pig. 4 from an ROM (Read 
Only Memory) and executes the read program to control the failure 
processing for up -converter 12 according to the flowchart shown in Fig. 4, 
Thus, ROM corresponds to a computer (CPU) readable recording medium 
with a program recorded thereon with the steps of the flowchart in Fig. 4. 
It is noted that AC motor Ml forms an "electric load". • 
Here, "prohibiting regenerative (electric power generation)" means 
driving AC motor Ml to output zero or positive torque. 

In accordance with the first embodiment, the voltage converting 
device includes a control device that controls an inverter such that 
regenerative electric power generation in an AC motor is prohibited when 
an up -converter fails, thereby preventing application of a voltage equal to 
or higher than a withstand voltage to a capacitor provided at the input of 
the inverter. 



18 



wo 2004/064235 



PCT/JP2003/014949 



[Second Embodiment] 

Referring to Fig. 5, a voltage converting device lOOA in accordance 
witH a second embodiment is the same as voltage converting device 100 
except that control device 30 in voltage converting device 100 is replaced 
with a control device 30A and that a rectifier 18, a generator Gl and a 
current sensor 25 are added. 

Inverter 14 and rectifier 18 are connected in paraUel between nodes 
Nl and N2 on both ends of capacitor C2. Generator Gl is connected to an 
engine 55. 

Rectifier 18 is constituted of a U-phase arm 19, a V-phase arm 20 
and a W-phase arm 21. U-phase arm 19, V-phase arm 20 and W-phase 
arm 2 1 are connected in paraUel between the power supply line and the 
ground line. U-phase arm 19 is formed of diodes D9 and D 10 connected in 
series. V-phase arm 20 is formed of diodes D 1 1 and D 12 connected in 
series. W-phase arm 2 1 is formed of diodes D 13 and D 14 connected in 
series. The intermediate point between diode D9 and diode DlO is 
connected to the end of U-phase coil of generator Gl. The intermediate 
point between diodes Dll and diode D12 is connected to the end of the V- 
phase coil of generator Gl. The intermediate point between diode D 13 and 
diode D14 is connected to the end of the W-phase coil of generator Gl. 

Rectifier 18 rectifies the AC voltage generated by generator Gl and 
supplies the rectified DC voltage to up-converter 12 via capacitor C2. 
Generator Gl generates an AC voltage by rotation of a rotor, which is 
caused by rotating power of engine 55, and suppHes the generated AC 
voltage to rectifier 18. 

Current sensor 25 detects a generator current GCRT flowing to each 
phase of generator Gl and outputs the detected generator current GCRT to 
control device 30A. 

Control device 30A generates signals PWMIl and PWMI3, among 
signals PWMIl -3 for driving inverter 14, and outputs signals PWMIl and 
PWMI3 to inverter 14. The method of generating signals PWMIl and 
PWMI3 is the same as described in the first embodiment. 

When control device 30A determines that up-converter 12 fails, 
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foUowing the aforementioned method, it calculates an energy consumption 
Pm in AC motor Ml based on an accelerator opening degree ACC and motor 

rotation number MRN &om external ECU and calculates a power 
generation amount (the amount of generated electric power) Pg in 
5 generator Gl based on voltage Vm £com voltage sensor 13 and generator 
current GCRT from current sensor 25. Control device 30A then generates 
and outputs signal RDN to an engine ECU 65 for setting the rotation 
number of engine 55 such that power generation amount Pg in generator 
Gl is equal to or less than energy consumption Pm in AC motor Ml. 
10 Control device 30A has the same function as control device 30 in the 

other respects. 

Engine 55 is controUed by engine ECU 65 for outputting prescribed 
torque for driving a drive wheel as well as for transmitting a rotating power 
to generator Gl. Engine ECU 65 controls engine 55. Engine ECU 65 
15 receives signal RDN from control device 30A to hold or decrease the 
rotation number of engine 55. 

Referring to Fig. 6, control device 30A is the same as control device 
30 except that motor torque control means 301 of control device 30 is 
replaced with motor torque control means 301 A 
20 Motor torque control means 301 A generates and outputs signals 

PWMU and PWMIl to up -converter 12 and inverter 14, respectively, 
following the same method as in motor torque control means 301. 

Futthermore, motor torque control means 30 lA determines whether 

« 

or not up-converter 12 fails, foUowing the same method as in motor torque 
25 control means 301. When motor torque control means 30 lA determines 
that up-converter 12 fails, it calculates energy consumption Pm in AC 
motor Ml based on accelerator opening degree ACC and motor rotation 
number MRN and calculates power generation amount Pg in generator Gl 
based on generator current GCRT and voltage Vm. Furthermore, motor 
torque control means 30 lA generates and outputs signal RDN to engine 
ECU 65 for setting the rotation number of engine 55 such that power 
generation amount Pg is equal to or less than energy consumption Pm. 

Referring to Fig. 7, motor torque control means 30 lA is the same as 
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motor torque control means 301 except that determination unit 56 of motor 
torque control means 301 is replaced with a determination unit 56A and 
that a calcvdating vinit 58 and a control unit 60 are added. 

Determination unit 56A determines whether or not up -converter 12 
5 fails, following the same method as in determination unit 56. If it is 
determined that up-converter 12 is normal, determination unit 56A 
generates and outputs signal DTEl to control unit 60. On the other hand, 
if it is determined that up-converter 12 fails, determination unit 56 A 
generates and outputs signal DTE2 to control unit 60. 

10 Calcidating unit 58 calcidates energy consumption Pm of AC motor 

Ml based on accelerator opening degree ACC and motor rotation number 
MRN firom external ECU. Calculating unit 58 also calculates power 
generation amount Pg in generator Gl based on voltage Vm from voltage 
sensor 13 and generator current GCRT ficom current sensor 25. 

15 Calculating unit 58 then outputs the calcxilated energy consxmiption Pm 
and power generation amount Pg to control unit 60. 

When control unit 60 receives signal DTEl from determination unit 
56A, it does not generate a control signal. When control unit 60 receives 
signal DTE2 from determination unit 56A, it generates and outputs signal 

20 EDN to engine ECU 65 for setting the rotation nxmiber of engine 55 such 
that power generation amount Pg is equal to or less than energy 
consumption Pm. 

Fig. 8 is a flowchart illustrating the operation of processing a failure 
in up-converter 12 in the second embodiment. Referring to Fig. 8, upon 

25 the start of a series of operations, de terrain ation unit 56A of control device 
30A detects a failure in up-converter 12, based on battery voltage Vb from 
voltage sensor 10, voltage Vm from voltage sensor 13 and duty ratio DR 
from duty ratio calculating xmit 52, and generates and outputs signal DTE2 
to control imit 60 (step SlO). Calctdating unit 58 then receives accelerator 

30 opening degree ACC from external ECU (step Sll) and receives a vehicle 
speed, i.e., motor rotation number MRN from external ECU (step S12). 

Calculating unit 58 then calculates torque T from accelerator 
opening degree ACC based on that torque T ou1i}ut by AC motor Ml is 
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proportional to accelerator opening degree ACC. Calculating unit 58 then 
calculates energy consvunpiion Pm in AC motor Ml based on ihe calculated 
torque T and motor rotation number MRN from external ECU (step Sl3). 

Calculating unit 58 also calculates power generation amount Pg in 
generator Gl based on voltage Vm from voltage sensor 13 and generator 
current GCRT from current sensor 25 (step S 14). Calculating unit 58 then 
outputs the calculated energy consumption Pm and power generation 
amount Pg to control unit 60. 

In response to signal DTE2 from determination \xnit 56A, control 
unit 60 generates and outputs to engine ECU 65 signal RDN for setting the 
rotation number of engine 55 such that power generation amount Pg is 
equal to or less than energy consvunption Pm. In other words, control unit 
60 controls generator Gl by setting an upper limit of power generation 
amo\int Pg in generator Gl such that power generation amoimt Pg does not 
exceed energy consumption Pm in AC motor Ml. 

More specifically, control imit 60 receives signal DTE2 from 
determination unit 56A to compare power generation amount Pg from 
calculating unit 58 witii energy consxmiption Pm. When power generation 
amount Pg is equal to or less than energy consumption Pm, control unit 60 
generates a signal RDNl for holding the present rotation number of engine 
55 and outputs signal RDNl to engine ECU 65. When power generation 
amount Pg is greater than energy consumption Pm, control unit 60 
generates a signal RDN2 for decreasing the present rotation number of 
engine 55 and outputs signal RDN2 to engine ECU 65. Signal RDN 
therefore includes signals RDNl and RDN2. 

Engine ECU 65 holds the rotation number in response to signal 
RDNl from control unit 60 or controls engine 55 to decrease the rotation 
number in response to signal RDN2 from control unit 60. The rotation 
number of engine 55 is held at a certain value or decreased. Power 
generation amount Pg in generator Gl is thus decreased to energy 
consumption Pm or less (step Sl5). 

The electric power generated by generator Gl is aU consumed in AC 
motor Ml, thereby preventing application of a voltage equal to or higher 
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than a withstand voltage to both ends of capacitor C2. 

« _ * 

Returning to Fig. 5, the operation in voltage converting device lOOA 
will be described. The operations are as described in the first embodiment 
in that control device 30A generates signals PWMU and PWMIl for driving 
5 up-converter 12 and inverter 14 to output the same to up-converter 12 and 
inverter 14, respectively, up-converter 12 up converts DC voltage Vb to 
output voltage Vm, and inverter 14 drives AC motor Ml. 

Generator Gl generates electric power using the rotating power of 
engine 55 and supplies the generated AC voltage to rectifier 18. Rectifier 
10 18 rectifies the AC voltage to supply DC voltage to capacitor C2. Current 
sensor 25 detects generator current GCRT and outputs the detected current 
to control device 30A. 

Control device 30 A determines whether or not up-converter 12 fails, 
following the aforementioned method. If up-converter 12 fails, control 

15 device 30A calculates energy consximption Pm of AC motor Ml and power 
generation amount Pg of generator Gl. Then, control device 30A 
generates signal RDN for setting the rotation number of engine 55 such 
that power generation amount Pg is equal to or less than energy 
consumption Pm, and control device 30A outputs signal RDN to engine 

20 ECU 65. In response to signal RDN from control device 30A, engine ECU 
65 holds or decreases the rotation number to rotate engine 55. Power 
generation amount Pg of generator Gl is thus controlled to be equal to or 
less than energy consumption Pm of AC motor Ml. 

When AC motor Ml enters the regenerative braking mode, control 

25 device 30A receives signal RGE firom external ECU and generates and 
outputs signals PWMI3 and PWMD to inverter 14 and up-converter 12, 
respectively. 

AC motor Ml generates an AC voltage and supplies the generated 
AC voltage to inverter 14, Inverter 14 then converts the AC voltage to a 
30 DC voltage in accordance with signal PWMI3 from control device 30A to 
supply the converted DC voltage to up-converter 12 via capacitor C2. 

Up-converter 12 down-converts the DC voltage in accordance with 
signal PWMD from control device 30A to supply the down-converted DC 
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voltage to DC power supply B to charge DC power supply B. 

' * • • • 

As described above, in voltage converting device lOOA, if up- 
converter 12 fails, power generation amount Pg in generator Gl is 
controlled to be equal to or less than energy consumption Pm in AC motor 
5 Ml. Therefore, a voltage equal to or higher than a withstand voltage is 
prevented from being applied to capacitor C2. 

The failvire processing method in accordance with the present 
invention includes detecting a failure in up -converter 12 according to the 
flowchart shown in Fig. 8 and controlling power generation amount Pg in 
10 generator Gl to be equal to or less than energy consumption Pm in AC 
motor Ml. 

The failvire processing in motor torque control means 30 lA is 
actually controlled by CPU. CPU reads a program including the steps in 
the flowchart shown in Fig. 8 from an ROM and executes the read program 

15 to control the failure processing for up-converter 12 according to the 

flowchart shown in Fig. 8. Therefore, ROM corresponds to a computer 
(CPU) readable recording medium with a program recorded thereon with 
the steps in the flowchart shown in Fig, 8. 

The other details are the same as in the fixst embodiment. 

20 In accordance with the second embodiment, the voltage converting 

device includes a control device that controls a power generation amount of 
a generator to be equal to or less than an energy consumption of an AC 
motor, in the event of a failure in an up-converter, thereby preventing 
application of a voltage equal to or higher than a withstand voltage to a 

25 capacitor provided at an input of an inverter. 

[Third Embodiment] 

Referring to Fig. 9, a voltage converting device lOOB in accordance 
with a third embodiment is the same as voltage converting device lOOA 
except that control device 30A, rectifier 18, generator Gl, and cxxrrent 
30 sensor 25 of voltage converting device lOOA are replaced with a control 
device SOB, an inverter 31, an AC motor M2, and a current sensor 28, 
respectively. 

It is noted that, in voltage converting device lOOB, current sensor 24 
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detects and outputs motor current MCRTl to control device SOB. AC 
motor M2 is connected to engine 55. Capacitor C2 receives the DC voltage 
from up-converter 12 via nodes Nl, N2, smoothes the received DC voltage, 
and suppUes the smoothed DC voltage to inverter 14 as well as to inverter 
5 31. Inverter 14 converts, based on a signal PWMI 1 1 from control device 
30B, the DC voltage from capacitor C2 to an AC voltage for driving AC 
motor Ml, and converts, based on a signal PMW13, the AC voltage 
generated by AC motor Ml into a DC voltage. 

Inverter 31 has the same configviration as inverter 14. Inverter 31 

10 converts, based on a signal PWMI21 from control device SOB, the DC 

voltage from capacitor C2 into an AC voltage for driving AC motor M2, and 
converts, based on a signal PWMI23, the AC voltage generated by AC motor 
M2 into a DC voltage. Current sensor 28 detects motor current MCRT2 
flowiag to each phase of AC motor M2 and outputs the detected motor 

15 current MCRT2 to control device SOB. 

Control device SOB receives DC voltage Vb output by DC power 
supply B from voltage sensor 10, receives motor currents MCRTl, MCRT2 
from cxxrrent sensors 24, 28, respectively, receives output voltage Vm of up- 
converter 12 (that is, the input voltage to inverters 14, 31) from voltage 

20 sensor IS, and receives torque command values TRl, TR2, motor rotation 
numbers MRNl, MRN2 and accelerator opening degree ACC from external 
ECU. Control device SOB generates, based on DC voltage Vb, output 
voltage Vm, motor current MCRTl, torque command value TRl, and motor 
rotation n\xmber MRNl, signal PWMIll for controlling the switching of 

25 NPN transistors QS-Q8 of inverter 14, following the aforementioned 

■ » 

method, when inverter 14 drives AC motor Ml. Control device SOB then 
outputs the generated signal PWMIll to inverter 14. 

Control device SOB also generates, based on DC voltage Vb, output 
voltage Vm, motor current MCRT2, torque command value TR2, and motor 
SO rotation number MRN2, signal PWMI2 1 for controlling the switching of 
NPN transistors QS-Q8 of inverter 31, following the aforementioned 
method, when inverter 3 1 drives AC motor M2, Control device SOB then . 
outputs the generated signal PWMI21 to inverter 31. 
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Control device SOB further generates, based on DC voltage Vb, 
output voltage Vm, motor cunrent MCRTl (or MCRT2), torque command 
value TRl (or TR2), and motor rotation number MRNl (or MRN2), signal 
PWMU for controlling the switching of NPN transistors Ql, Q2 of up- 
5 converter 12, following the aforementioned method, when inverter 14 or 31 
drives AC motor Ml or M2. Control device 30B then outputs the 
generated signal PWMU to up-converter 12. 

Control device SOB also generates, in the regenerative braking mode, 
a signal PWMlS for converting the AC voltage generated by AC motor Ml 

10 into a DC voltage, or a signal PWM23 for converting the AC voltage 

generated by AC motor M2 into a DC voltage, and outputs the generated 
signal PWMlS or PWM23 to inverter 14 or inverter 31, respectively. In 
this case, control device 30B generates and outputs signal PWMD to up- 
converter 12 for controlling up-converter 12 such that up-converter 12 

15 down-converts the DC voltage from inverter 14 or 31 to charge DC power 
supply B. 

Fxirthermore, control device SOB determines whether or not up- 
converter 12 fails, following the aforementioned method. When up- 
converter 12 fails, control device SOB calculates energy Pm in AC motor Ml 

20 based on accelerator opening degree ACC and motor rotation number 

MRNl. Control device 30B then determines whether AC motor Ml is in a 
powering mode or a regenerative mode based on the calcvilated energy Pm. 
If AC motor Ml is in the powering modei control device SOB regards tlie 
caicxilated energy Pm as an energy consumption Pml. When AC motor Ml 

25 is in the powering mode, AC motor M2 is in the regenerative mode. 

Accordingly, control device SOB calculates a power generation amount Pg2 
of AC motor M2 and controls power generation amount Pg2 of AC motor M2 
to be equal to or less than energy consumption Pml of AC motor Ml, 
following the method as described in the second embodiment. 

30 When AC motor Ml is ia the regenerative mode, control device SOB 

regards the calculated energy Pm as a power generation amovint Pgl and 
then generates and outputs a signal CUT to engine ECU 65 so that the fuel 
of engine 55 is cut off. In addition, control device SOB controls AC motor 
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M2 such that it outputs positive torque. Control device SOB then 
calculates an energy consumption Pm2 of AC motor M2, and if a sum 
Pgl+Pm2 of power generation amount Pgl and energy consumption Pm2 is 
negative, control device 30B controls AC motor Ml such that power 
5 generation amoimt Pgl in AC motor Ml is equal to or less than energy 
consumption Pm2. 

In addition, control device 30B generates and outputs signal SE to 
system relays SRI, SR2 for turning on/off system relays SRI, SR2. 

Referring to Fig. 10, control device 30B includes motor torque control 
10 means 30 IB and voltage conversion control means 302A. Motor torque 
control means 301B generates signal PWMIll based on motor current 
MCRTl, torque command value TRl, motor rotation number MRNl, DC 
voltage Vb, and voltage Vm, and outputs the generated signal PWMEll to 
inverter 14. Motor torque control means 30 IB generates signal PWMI2 1 
15 based on motor current MCRT2, torque command value TR2, motor 

rotation number MRN2, DC voltage Vb, and voltage Vm, and outputs the 
generated signal PWMI21 to inverter 31. 

Motor torque control means 30 IB also generates signal PWMU based 
on DC voltage Vb, voltage Vm, motor current MCRTl (or MCRT2), torque 
20 command value TRl (or TR2), and motor rotation number MRNl (or 
MRN2), and outputs the generated signal PWMU to up -converter 12. 

. Furthermore, motor torque control means 30 IB determines whether 
up-converter 12 fails, following the aforementioned method. If it is 
determined that up-converter 12 fails, motor torque control means 30 IB 
.25 • calculates energy Pm in AC motor Ml basied on accelerator opening degree 
ACC and motor rotation number MRNl, and further determines whether 
AC motor Ml is in the powering mode or in the regenerative mode bsised on 
the calcvilated energy Pm. More specifically, motor torque control device 
30 IB determines that AC motor Ml is in the powering mode when the 
30 calcxilated energy Pm is positive, and determines that AC motor Ml is in 
the regenerative mode when energy Pm is negative. 

When AC motor Ml is in the powering mode, motor torque control 
means 30 IB calculates power generation amount Pg2 in AC motor M2 
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based on voltage Vm from voltage sensor 13 and motor cxmrent MCRT2 

* 

from current sensor 28. Motor torque control means 30 IB then generates 
signal RDN for setting the rotation number of engine 55 such that power 
generation amount Pg2 in AC motor M2 is equal to or less than energy 
5 consumption Pml and outputs the generated signal RDN to engine ECU 65. 
Motor torque control means 30 IB also generates signal RGE2 and outputs 
the generated signal RGE2 to voltage conversion control means 302A. 

On the other hand, when AC motor Ml is in the regenerative mode, 
motor torque control means 30 IB generates and outputs signal CUT for 

10 cutting off the fuel for engine 55 to engine ECU 65, signal RGEl to voltage 
conversion control means 302A, and signal PWMI21 for causing AC motor 
M2 to output positive torque to inverter 31. Motor torque control means 
30 IB calculates energy consumption Pm2 in AC motor M2. If the sum of 
power generation amount Pgl in AC motor Ml and energy consumption 

15 Pm2 in AC motor M2 is negative, motor torque control means 30 IB controls 
AC motor Ml such that power generation amotmt Pgl in AC motor Ml is 
equal to or less than energy consumption Pm2 in AC motor M2. Motor 
torque control means 30 IB holds the present state of AC motors Ml, M2, if 
the sum of power generation amount Pgl and energy consumption Pm2 is 

20 positive. 

Voltage conversion control means 302A receives from external ECU 
signal RGE indicating that the hybrid or electric vehicle including voltage 
converting device lOOB enters the regenerative braking mode, to generate 
signals PWM13, 23 and signal PWMD, output the generated signals 
25 PWM13, 23 to inverters 14, 31, respectively, and output signal PWMD to 
up -converter 12. 

Voltage conversion control means 302 A also receives signal RGEl 
from motor torque control means 30 IB to generate and output signal 
PWMH3 to inverter 14 for controlling power generation amount Pgl in AC 
30 motor Ml to be equal to or less than energy consumption Pm2 in AC motor 
M2. 

Voltage conversion control means 302 A also receives signal RGE2 
from motor torque control means 30 IB to generate and output signal 
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PWMI23 to inverter 31 for controlling power generation amoxmt Pg2 in AC 

motor M2 to be equal to or less .tiian energy consumption Pml in AC motor 
Ml. 

Referring to Fig. 11, motor torque control means 301B is the same as 
motor torque control means 30 lA except that phase voltage calculating unit 
40 for controlling the motor, determination unit 56A. calculating unit 58 
and conti:ol unit 60 of motor torque contarol means 30 lA are replaced with a 
phase voltage calculating unit 40A for conta-olling the motor, a 
determination unit 56B. a calculating unit 58A and a control unit 60A. 
respectively. 

Phase voltage calculating unit 40A calculates a voltage to be appHed 
to each phase of AC motor Ml based on output voltage Vm of up -converter 
12, motor current MCRTl and torque command value TRl. and calculates a 
voltage to be applied to each phase of AC motor M2 based on output voltage 
Vm. motor current MCRT2 and torque command value TR2. Phase 
voltage calculating unit 40A then outputs the voltage calculated for AC 
motor Ml or M2 to PWM signal converting unit 42. 

Phase voltage calculating unit 40A receives torque command value 
TRE from conti:ol unit 60A to calculate a voltage to be appHed to each phase 
of AC motor M2. based on torque command value TRE, output voltage Vm 
and motor current MCRT2. and then outputs the calculated voltage to 
PWM converting unit 42. 

PWM signal converting unit 42 receives a voltage for AC motor Ml 
from phase voltage calculating unit 40A to generate and output signal 
PWMIll to inverter 14 based on the received voltage. PWM signal 
converting unit 42 receives a voltage for AC motor M2 from phase voltage 
calculating unit 40A to generate and output signal PWMI21 to inverter 31 
based on the received voltage. 

Inverter input voltage command calculating unit 50 calculates 
voltage command Vdc_com based on torque command value TRl and motor 
rotation number MRNl (or torque command value TR2 and motor rotation 
number MRN2). and outputs the calculated voltage command Vdc_com to 
duty ratio calculating unit 52. 
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Determination imit 56B determines whether or not up -converter 12 
fails, based on battery voltage Vb from voltage sensor 10, dutput voltage 
Vm from voltage sensor 13 and duty ratio DR from duty ratio calculating 
unit 52, following the aforementioned method. If it is determined that up- 
converter 12 fails, determination xmit 56B then determines whetiier energy 
Pm from calculating unit 58A is positive or negative. If energy Pm is 
positive, determination imit 56B determines that AC motor Ml is in the 
powering mode, and regards energy Pm as energy consumption Pml. On 
the other hand, if energy Pm is negative, determination unit 56B 
determines that AC motor Ml is in the regenerative mode, and regards 
energy Pm as power generation amount Pgl. 

When AC motor Ml is in Hie powering mode, determination unit 56B 
generates and outpute a signal DTE3 to control unit 60Afor indicating a 
determination result that power generation amo\mt Pg2 in AC motor M2 
should be controlled to be equal to or less than energy consumption Pml in 
AC motor Ml. 

When AC motor Ml is in the regenerative mode, determination imit 
56B generates and outpute a signal DTE4 to control unit 60A for indicating 
a determination result that the ftiel for engine 55 should be cut off. 

After outputting signal DTE4 to control unit 60A, determination unit 
56B receives from calculating unit 58A the sum Pgl+Pm2 of power 
generation amount Pgl in AC motor Ml and energy consumption Pm2 in 
AC motor M2, and determines whether the received sum Pgl+Pm2 is 
positive or negative. If the sum Pgl+Pm2 is negative, determination unit 
56B generates and outpute a signal DTE5 to control unit 60A for indicating 
a determination residt that power generation amount Pgl in AC motor Ml 
should be controlled to be equal to or less than energy consiunption Pm2 in 
AC motor M2. 

If the siim Pgl+Pm2 is positive, determination uxiit 56B generates 
and outpute a signal DTE6 to control unit 60A for indicating a 
determination result that the present state in AC motors Ml, M2 should be 
held. 

Calculating unit 58A calculates torque T output by AC motor Ml 
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based on accelerator opening degree ACC from external ECU, calcvilates 
energy Pm in AC motor Ml based on the calculated torque T and motor 
rotation number MRNl &om external ECU, and outputs the calculated 
energy Pm to determination unit 56B and control unit 60A. 

5 Calculating vinit 58A calculates power generation amount Pg2 in AC 

motor M2 based on output voltage Vm from voltage sensor 13 and motor 
current MCRT2 from current sensor 28 and outputs the calcvdated power 
generation amount Pg2 to control unit 60A. 

Furthermore, calculating unit 58A receives torque command value 

10 TKE from control unit 60A to calculate energy consumption Pm2 in AC 

motor M2 based on torque command value TRE and motor rotation number 
MRN2 from external ECU, and outputs the calculated energy consumption 
Pm2 to control unit 60A. Calculating unit 58A then calculates the sum of 
energy Pm in AC motor Ml and energy consumption Pm2 as the sum of 

15 power generation amount Pgl in AC motor Ml and energy consumption 

Pm2, and outputs the calculated sum Pgl+Pm2 to determination tinit 56B. 

In response to signal DTE3 from determination unit 56B, control 
unit 60A regards energy Pm from calculating umt 58A as energy 
consumption Pml in AC motor Ml and compares power generation amount 

20 Pg2 from calculating unit 58A with energy consumption Pml. Control 
unit 60A then generates and outputs signal RDN (including RDNl and 
RDN2) to engine ECU65 for setting the rotation number of engine 55 such 
that power generation amoxmt Pg2 is equal to or less than energy 
consumption Pml. More specifically, if power generation amount Pg2 is 

25 equal to or less than energy consumption Pml, control unit 60A generates 
and outputs signal RDNl to engine ECU 65 for holding the present rotation 
number of engine 55. If power generation amount Pg2 is greater than 
energy consumption Pml, control imit 60 A generates and outputs signal 
RDN2 to engine ECU 65 for decreasing the present rotation number of 

30 engine 55 so that power generation amount Pg2 is equal to or less than 
energy consvimption Pml. Control unit 60 A also generates and outputs 
signal RGE2 to voltage conversion control means 302A. 

In response to signal DTE4 from determination unit 56B, control 
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unit 60A generates signal CUT and torque command value TRE and 
outputs signal CUT to eiigine ECU 65 and torque command value TRE to 
phase voltage calculating imit 40A, Torque command value TRE is a 
command value for designating positive torque to be output by AC motor 
5 M2 so that the rotation number of engine 55 is maintained or increased. 

In response to signal DTE5 &om determination unit 56B, control 
unit 60A regards energy Pm firom calculating unit 58A as power generation 
amount Pgl in AC motor Ml and compares power generation amount Pgl 
with energy consxxmption Pm2 from calculating xmit 58A. Control unit 

10 60A then generates and outputs signal RGEl to voltage conversion control 
means 302A for limiting the regenerative amount from AC motor Ml so 
that power generation amount Pgl is equal to or less than energy 
consumption Pm2. 

In response to signal DTE6 from determination unit 56B, control 

15 unit 60 A generates no control signal. Therefore, the present state in AC 
motors Ml, M2 is held. 

Fig. 12 is a flowchart illustrating an operation of processing a failure 
in up -converter 12 in the third embodiment. The flowchart shown in Fig. 
12 is the same as the flowchart shown in Fig, 8 except that steps S16-19, 

20 S2 1 and S22 are added to the flowchart shown in Fig. 8. In the flowchart 
shown in Fig. 12, step S16 is inserted between steps SIS and S14, and 
steps S14, S15 are executed when a determination "No" is made at step S16. 

Referring to Fig. 12, upon the start of a series of operations, steps 
S10-S13 are executed as described above. After step S13, determination 

25 . unit 56B determines whether energy Pm received from calculating vinit 58A 
is positive or negative (step S16). When it is determined that energy Pm is 
positive, determination unit 56B determines that AC motor Ml is in the 
powering mode. Then, steps S14, Sl5 as described above are executed so 
that power generation amount Pg2 in AC motor M2 is controlled to be equal 

30 to or less than energy consximption Pml in AC motor Ml. 

More spedficaUy, determination unit 56B generates and outputs 
signal DTE3 to control unit 60A. In response to signal DTE3 from 
determination unit 56B, control unit 60A regards energy Pm from 
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calcvilating unit 58A as energy consvimption Pml in AC motor Ml. 

* ... 

Calcxilating unit 58A calcxilates power generation amount Pg2 in AC motor 
M2 based on voltage Vm from voltage sensor 13 and motor current MCRT2 
from current sensor 28 (step S14) and outputs the calculated power 
5 generation amount Pg2 to control unit 60 A Control unit 60A compares 
power generation amount Pg2 from calculating unit 58A with energy 
consumption Pml, generates signal RDN to be output to engine ECU 65 for 
setting the rotation number of engine 55 such that power generation 
amount Pg2 is equal to or less than energy consumption Pml, and 

10 generates signal RGE2 to be output to voltage conversion control means 
302A In response to signal RDN from control unit 60A, engine ECU 65 
sets the rotation nxmiber of engine 55 such that power generation amount 
Pg2 is equal to or less than energy consumption Pml. AC motor M2 
therefore generates electric power equal to or less than energy consumption 

15 Pml. In response to signal RGE2 from control unit 60A, voltage 

conversion control means 302A generates and outputs signal PWMI23 to 
inverter 3 1. NPN transistors Q3-Q8 of inverter 3 1 are turned on/off in 
response to signal PWMI23 and convert the AC voltage generated by AC 
motor M2 to a DC voltage (step Sl5). 

20 On the other hand, when it is determined that energy Pm is negative 

at step S16, determination unit 56B determines that AC motor Ml is in the 
regenerative mode and generates signal DTE4 to be output to control \mit 
60A. Then, in response to signal DTE4 from determination unit 56B, 
control unit 60 A generates signal CUT to be output to engine ECU 65 and 

25 generates torque command value TRE to be output to phase voltage 
calcidating unit 40A and calculating unit 58A. 

Engine ECU 65 is responsive to signal CUT to cut off the fuel for 
engine 55 (step Si 7). Phase voltage calculating \xnit 40 A calcvilates a 
voltage to be appHed to each phase of AC motor M2 based on torque 

30 command value TRE from control \xnit 60A, oulput voltage Vm from voltage 
sensor 13 and motor current MCRT2 from current sensor 28 and outputs 
the calculated voltage to PWM signal converting unit 42. PWM signal 
converting unit 42 generates signal PWMI21 for actually turning on/off 
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each of NPN transistors Q3-Q8 of inverter 31, based on the calculated 

• • • • • 

voltage firom phase voltage calculating iinit 40A, and outputs the generated . 
signal PWMI21 to each of NPN transistors Q3-Q8 of inverter 31. NPN 
transistors Q3-Q8 of inverter 31 are turned on/off in response to signal 
5 PWMI2 1, and inverter 3 1 drives AC motor M2 to output positive torque. 

AC motor M2 tiiereby outputs positive torque and rotates engine 55 at least 
at a prescribed rotation number (step S 18). 

Calculating unit 58A receives torque command value TRE from 
contarol unit 60A to calctdate energy consumption Pm2 in AC motor M2 

10 based on torque command value TEE and motor rotation number MRN2 

from external ECU (step S 19). In addition, calculating unit 58A calculates 
the sum of energy Pm calculated at step Sl3 and energy consumption Pm2 
as the sum Pgl+Pm2 of power generation amoxint Pgl in AC motor Ml and 
energy consvimption Pm2, and outputs the calculated sum to determination 

15 unit 56B. 

Then, determination unit 56B determines whether the sum 
Pgl+Pm2 is positive or negative fetep S2 1). When it is determined that 
the sum Pgl+Pm2 is negative, determination Tinit 56B generates and 
outputs signal DTE5 to control unit 60A. In response to signal DTE5 from 
20 determination unit 56B, control unit 60A regards energy Pm from 

calculating unit 58A as power generation amovint Pgl in AC motor Ml and 
compares power generation amount Pgl with energy consumption Pm2 
from calculating unit 58A. Control unit 60A then generates and outputs 
signal RGEl to voltage conversion control means 302 A for limiting the 

m 

25 regenerative amount from AC motor Ml so that power generation amount 
Pgl is equal to or less than energy consuniption Pm2, 

In response to signal RGEl from control unit 60 A, voltage conversion 
control means 302A generates and outputs signal PWMI13 to inverter 14 
for limiting power generation amount Pgl to energy consiimption Pm2 or 
30 less. NPN transistors Q3-Q8 of inverter 14 are turned on/off in response 
to signal PWMI13, and power generation amount Pgl in AC motor Ml is 
Hmited to energy consumption Pm2 in AC motor M2 or less (step S22). 

On the other hand, when it is determined that the sum Pgl+Pm2 is 
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positive at step S21, determinatioii unit 56B outputs signal DTE6 to control 

. unit 60 A. Control unit 60A then receives signal DTE6 from determination 

* . • . ■ . - 

unit 56B to generate no control signal. AC motor Ml thereby produces 

power generation amount Pgl equal to energy Pm calculated at step S13, 
5 and AC motor M2 consumes energy consumption Pm2 calculated at step 

S19. In other words, AC motors Ml, M2 are held at the present state. A 
series o£ operations then ends. 

At step S18 shown in Fig. 12, AC motor M2 is controlled such that it 
outputs positive torque, when AC motor Ml is in the regenerative mode. 

10 In this way, the third embodiment is characterized in that when AC motor 
Ml not connected to engine 55 is in the regenerative mode, AC motor M2 
connected to engine 55 is controlled such that it outputs positive torque. 
In other words, the energy consumption in AC motor M2 is increased in 
order to prevent a voltage equal to or higher than the withstand voltage 

15 &om being applied to capacitor C2. 

Returning to Fig. 9, the entire operation in voltage converting device 
lOOB will be described. Upon the start of the entire operation, control 
device 30B generates and outputs signal SE of H level to system relays SRI, 
SR2 to turn on system relays SRI, SR2. DC power supply B outputs a DC 

20 voltage to up-converter 12 via system relays SRI, SR2. 

Voltage sensor 10 detects DC voltage Vb output from DC power 
supply B and outputs the detected DC voltage Vb to control device SOB. 
Voltage sensor 13 detects voltage Vm on both ends of capacitor C2 and 
outputs the detected voltage Vm to control device 30B. Current sensor 24 

25 detects motor current MCRTl flowing to AC motor Ml and outputs the 
detected current to control device SOB. Current sensor 28 detects motor 
current MCRT2 flowing to AC motor M2 and outputs the detected current 
to control device SOB. Control device SOB receives torque command values 
TRl, TR2 and motor rotation numbers MRNl, MNR2 from external ECU. 

SO Control device SOB then generates signal PWMIll, based on DC 

voltage Vb, outj)ut voltage Vm, motor current MCRTl, torque command 
value TRl, and motor rotation nxunber MRNl, following the 
aforementioned method, and outputs the generated signal PWMIll to 
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inverter 14. Control device SOB also generates signal PWMI21 based on 
DC voltage Vb, output voltage Vni, motor current MCRT2, torque command 
value TR2, and motor rotation number MRN2, following the 
aforementioned method, and outputs the generated signal PWMI21 to 
5 inverter 31. 

In addition, when inverter 14 (or 3l) drives AC motor Ml (or M2), 
control device 30B generates signal PWMU for controlling the switching of 
NPN transistors Ql, Q2 of up -converter 12, based on DC voltage Vb, output 
voltage Vm, motor currerit MCRTl (or MCRT2), torque command value TRl 

10 (or TR2), and motor rotation number MRNl (or MRN2), and outputs the 
generated signal PWMU to up -converter 12, 

Then, in response to signal PWMU, up-converter 12 up-converts DC 
voltage Vb from DC power supply B auid suppHes the up -converted DC 
voltage to capacitor C2 via nodes Nl, N2, Inverter 14 then converts the 

15 DC voltage smoothed by capacitor C2 to an AC voltage, according to signal 
PWMIll from control device 303, for driving AC motor Ml. Inverter 31 
converts the DC voltage smoothed by capacitor C2 to an AC voltage, 
according to signal PWMI21 from control device 30B, for driving AC motor 
M2. Therefore, AC motor Ml generates torque as designated by torque 

20 command value TRl, and AC motor M2 generates torque as designated by 
torque command value TR2. 

When the hybrid or electric vehicle including voltage converting 
device lOOB is in the regenerative braking mode, control device 30B 
receives signal RGE from external ECU, and in response to the received 

25 . signal RGE, generates signals PWM13, 23 to be output to inverters 14, 31, 
respectively, and generates signal PWMD to be output to up-converter 12. 

Inverter 14 then converts the AC voltage generated by AC motor Ml 
to a DC voltage in response to signal PWM13 and supplies the converted 
DC voltage to up-converter 12 via capacitor C2. Inverter 31 converts the 

30 AC voltage generated by AC motor M2 to a DC voltage in response to signal 
PWM23 and supplies the converted DC voltage to up-converter 12 via 
capacitor C2. Then, up-converter 12 receives the DC voltage from 
capacitor C2 via nodes Nl, N2, down-converts the received DC voltage 
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according to signal PWMD, and supplies the down-converted DC voltage to 
DC power supply B. The electric power generated by AC motor Ml or M2 

« * 

is thereby charged in DC power supply B. 

Control device 30B detects a failure in up -converter 12 following the 
aforementioned method and determines whether AC motor Ml is in the 
powering mode or in the regenerative mode based on energy Pm in AC 
motor Ml. If AC motor Ml is in the powering mode, control device 30B 
controls AC motor M2 such that power generation amount Pg2 in AC motor 
M2 is equal to or less than energy consumption Pml in AC motor Ml. If 
AC motor Ml is in the regenerative mode, control device SOB controls AC 
motor Ml such that power generation amount Pgl in AC motor Ml is equal 
to or less than energy consumption Pm2 in AC motor M2. 

Therefore, a voltage equal to or higher than a withstand voltage is 
prevented from being apphed to capacitor C2 even if up-converter 12 fails. 

It is noted that the failure processing method in accordance with the 
present invention includes, according to the flowchart shown in Fig. 12, 
detecting a failure in up-converter 12 and controlling power generation 
amount Pgl in AC motor Ml to be equal to or less than energy consumption 
Pm2 in AC motor M2 or controlling power generation amount Pg2 in AC 
motor M2 to be equal to or less than energy consumption Pml in AC motor 
Ml. 

The failure processing in motor torque control means 30 IB is 
actually controlled by CPU. CPU reads a program including the steps of 
the flowchart shown in Fig. 12 from ROM and executes the read program to 

• ■ 

control the failure processing for up -converter 12 according to the flowchart 
shown in Fig. 12. Therefore, ROM corresponds to a computer (CPU) 
readable recording medium with a program recorded thereon with the steps 
of the flowchart shown in Fig. 12, 

AC motors Ml, M2 form "electric loads (including first and second 
electric loads)". 

Other details are the same as in the first embodiment. 

In accordance with the third embodiment, the voltage converting 
device includes a control device that controls a power generation amoimt in 
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one of two AC motors to be equal to or less than energy consumption in the 
other AG motor in the event of a failure in an up -converter, thereby 
preventing appKcation of a voltage equal to or higher than a withstand 
voltage to a capacitor provided at an input of an inverter, 
5 It is noted that the present invention is not limited to the disclosure 

in the embodiments above and is applicable to a variety of hybrid or electric 
vehicles. For example, a plurality of inverters and motors may be 
connected in parallel to capacitor C2 and each motor (or motor generator) 
may be driven independently. In this case, one motor may be used for 

10 driving a rear wheel and the other motor may be used for driving a front 
wheeL A hybrid vehicle using a planetary gear mechanism is known 
where one motor generator is connected to a sxm gear of the planetary gear 
mechanism, an engine is connected to a carrier of the planetary gear 
mechanism, and the other motor generator is connected to a ring gear. 

15 The present invention is also applicable to such a hybrid vehicle. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited ODly by the terms of the 

20 appended claims. 

Industrial Applicability 

The present invention is applied to a voltage converting device 
capable of processing a failure in an up -converter without improving 
25 withstand voltage performance of a capacitor placed at an input of ari 
inverter. The present invention is also applied to a failure processing 
method capable of processing a failure in an up -converter without 

* 

improving withstand voltage performance of a capacitor placed at an input 

« 

of an inverter. The present invention is further applied to a computer 
30 readable recording medium with a program recorded thereon for causing a 
computer to execute failure processing for an up -converter without 
improving withstand voltage performance of a capacitor placed at an input 
of an inverter. 
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